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Design  and  Fabrication  of  Transport 
Spheres  for  High  Vacuum  Use 


1.0  INTRODUCTION 

During  this  period,  Wentworth  Institute  of  Technology 
supported  the  efforts  of  the  Whole  Air  Sample  Lab  of  the  Composition 
Branch,  AFGL,  in  the  design  and  fabrication  of  components,  as'  '.blies 
and  related  equipment  used  in  the  study  of  atmospheric  con  ^.tion. 
This  included  conducting  the  necessary  engineering  liaison  with 
AFGL  for  the  purpose  of  establishing  design  parameters  of  instru- 
ments; designing,  in  mechanical  detail,  components  and  assemblies; 
fabricating  items  resulting  from  this  design;  determining  the  needs 
for  possible  re-design,  and  making  recommendations  for  further 
modi f icat ions . 

2.0  REQUIREMENTS 

A reliable  method  to  hold  and  transport  a whole  air  sample 
gathered  after  a balloon  launch  and  recovery  was  required. 

The  initial  transport  units  were  spherical  in  design  with 
a volumetric  capacity  of  1 mole  of  gas  (22.4  liters  at  standard 
atmosphere  and  pressure).  (See  Figure  1 for  configuration.)  An 
ultra-high  vacuum  valve  was  attached  to  one  end  of  the  sphere.  A 
cold  finger  was  attached  to  the  opposite  end;  and  extended  inside 
the  sphere.  All  parts  were  304  stainless  steel;  all  weld  joints  were 
T.I.G.  or  Electron  Beam  welded.  The  internal  surfaces  were  gold- 
plated  to  insure  non-reactive  surfaces  exposed  to  gas  sample.  The 
maximum  allowable  leak  rate  of  the  container  was  5 x 10“^^  STD  cc/sec. 

3.0  DESCRIPTION 

3.1  Gas  Transport  Sphere  - Model  I 

The  hemispheres  were  generated  by  spin  forming  and  required 
a pickling  process  to  remove  the  surface  scale.  After  the  required 
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machining  of  the  hemispheres,  the  cold  finger  and  valve  were  T.I.R.  : 

welded  to  their  respective  hemispheres.  Due  to  the  length  of  the 
cold  finger,  appropriate  support  braces  were  added,  and  T.T.n. 
welded  in  position. 

The  hemispheres  were  now  electro-polished  with  particular 

care  given  to  the  internal  surfaces.  It  should  be  stated  here  ] 

I 

that  due  to  the  spin  forming  of  the  hemispheres,  undesirable  con-  | 

centric  lines  or  grooves  were  formed  on  the  inner  surfaces.  Electro- 
polishing --  a smoothing,  as  well  as  a cleaning  process  --  leads 
to  a reduction  in  surface  area.  This  process  therefore,  signifi- 
cantly reduced  if  not  eliminated  these  concentric  grooves.  The 
generation  of  this  smooth,  scratch-free  surface  insures  a clean  | 

surface  free  from  virtual  leaks.  | 

Buffing,  IS  another  method  of  creating  a smooth,  scratch-free  | 

. 'i 

surface,  but  is  unacceptable  in  vacuum  work  for  several  reasons.  j 

i' 

Buffing  compounds  may  become  imbedded  in  the  surface  pores  of  the  i 

metal,  creating  a cleaning  problem.  Also,  metal  peaks  bent  and  i 

smoothed  over  during  the  buffing  operation  can  trap  gas  particles,  !; 

!( 

and  create  virtual  leaks  resulting  in  long  system  Dump  down  and  | 

consequently  a dirty  vacuum  system.  | 

After  electro-polishing,  the  hemispheres  were  gold-olated  on 

i; 

the  interior  surfaces.  Next,  the  hemispheres  were  mated  and  welded  5 

around  the  circumference  flange.  This  was  the  only  weld  which  I 

could  not  be  accomplished  on  the  vacuum  side  of  the  spheres.  The 

i' 

completed  spheres  were  leak  tested  and  were  now  ready  for  lab  tests 

prior  to  flight.  Figure  1 describes  the  general  configuration  of  ' 

l' 

'i 

these  transport  spheres.  !i 


J 
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GAS  TRANSPORT  SPHERE 
Fig.  2 


3.2  Has  Transport  Sphere  - Model  II 

Prior  to  the  next  balloon  flight,  new  transport  spheres 
were  designed  and  fabricated  incorporating  one  modification.  The 
cold  finger  was  no  longer  a tube  extending  into  the  sphere,  but  an 
internal  sphere  with  an  external  volume  of  11  liters.  This,  of 
course,  reduced  the  gas  handle  volume  to  slightly  more  than  a half 
mole,  or  12.4  liters.  These  new  parameters  were  still  within 
acceptable  limits  for  effective  sample  gathering. 

The  external  configuration  rem.ained  the  same  as  Mod  I,  but 
the  inner  sphere  was  fabricated  from  hydro-formed  hemispheres.  This 
method  of  forming  left  the  inner  and  outer  surfaces  of  the  hemi- 
spheres in  excellent  condition.  The  hemispheres  were  electro- 
polished  with  particular  attention  given  to  surfaces  exposed  to  the 
vacuum  side  (gas  contact). 

To  restrict  movement,  the  inner  sphere  was  supported  at 
four  points  around  its  circumference  between  inner  and  outer  spheres 
The  outer  hemispheres  were  welded  around  the  circumference,  and 
leak  tested. 

These  spheres  were  not  gold-plated,  which  allowed  the 
comparison  between  a gold-plated  and  unplated  surface.  The  Mod  II 
configuration  is  shown  in  Figure  2. 

3.3  Gas  Transport  Sphere  - Model  III 

Due  to  a change  in  the  gas  handling  mode,  a new  transport 
sphere  design  was  initiated.  The  design  was  simplified  by  the 
elimination  of  the  cold  finger.  The  design  incorporated  the  use 
of  mixing  bowls  as  hemispheres,  as  a means  of  reducing  the  cost  of 
spin  forming  or  hydro-forming  hemispheres. 


MOD  III 

GAS  TRANSPORT  SPHERE 


SYSTEM  VALVE 


SILATION  PROCESS 


Four  and  eight  quart  bowls  were  used  in  the  fabrication 
of  these  spheres.  During  vacuum  testing,  it  was  found  that  the 
flat  surface  base  of  the  bowls  was  too  flexible  a surface  on  which 
to  rigidly  attach  a nipple  and  valve.  Therefore  this  portion  was 
machined  out  and  a reinforcing  plate  T.I.G.  welded  in  position. 

Mounted  on  and  T.I.G.  welded  to  this  plate  was  a nipple  and  flange  v 

assembly . 

The  bowls  were  dnversey  brightened  with  a non-electrolyic 
cleaning/polishing  solution.  This  method  was  used  because  of  the 
thin  cross-sections  of  the  bowls  and  the  greater  loss  of  surface 
area  material  experienced  in  electro-polishing.  After  cleaning,  the 
bowls  were  T.I.G.  welded  together  around  the  circumference.  A 
Granville-Phillips  gold  seal  valve  was  mounted  on  the  flanged  end 
of  the  sphere  and  the  unit  was  leak  checked  on  a vacuum  system  for 
vacuum  integrity.  A pictorial  view  of  the  Model  II  configuration 
is  shown  in  Figure  3. 

3.4  Silation  Process 

A method  of  rendering  the  vacuum  surfaces  of  the  Model  III 
spheres  impervious  to  any  r'^actions  that  might  occur  between  the 
stainless  steel  surface  and  the  gas  sample  was  devised.  The  sur- 
faces were  silated  with  hexamethyldisilazane , an  organic  compound. 

The  process  of  silation  was  as  follows:  The  spheres  were 
baked  out  to  drive  off  residual  gases  and  evacuated  to  5 x 10~^ 
torr.  The  vacuum  system  was  valved  off  and  the  silation  "^luid  slow- 
ly admitted  into  the  sphere.  The  sphere  valve  was  closed  and  the 

9 

unit  allowed  to  set  for  24  hours,  after  which  the  system  and  sphere 
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torr . 


— 8 

valves  were  reopened  and  the  unit  pumped  down  to  5 x 10 
The  valves  were  closed  and  the  unit  removed  from  the  systrem. 

The  transport  spheres  were  ready  for  lab  test  prior  to  flight.  A 
pictorial  view  of  this  process  is  shown  in  Figure  4. 

4.0  CONCLUSION 

In  the  first  two  transport  spheres,  i.e.  Models  I and  II,  a 
liquid  helium  cold  finger  was  required  and  both  spin  forming  and 
hydro-forming  were  utilized  in  their  construction.  The  Model  III 
transport  sphere  required  no  cold  finger  due  to  the  introduction  of 
a cryogenic  trl-sampler;  and  it  was  constructed  from  stainless  steel 
salad  bowls.  With  some  reinforcement  of  these  bowls,  i.e.  the 
addition  of  a plate  on  the  bottom  of  the  bowl  supporting  the  valve, 
they  have  proved  satisfactory  and  the  cost  savings  over  the  previous 
designs  were  considerable.  The  process  of  diversy  cleaning  and 
silation  of  the  vacuum  surfaces  seems  to  be  a reliable  method  of 
rendering  stainless  steel  surfaces  non-reactive  to  the  air  samples. 
This  method  has  a definite  cost  saving  over  gold  plating,  in  addition 
to  increased  reliability. 
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OICY  Attn  ElflfLD  Doc  Library 
OICY  Attn  OCSF  J J Simons 
OICY  Attn  TDR 


SeuBso/SZ 

Post  Office  Box  92960 
Worldway  Postal  Centex 
Los  Angeles,  CA  90009 
(Space  Defense  Systems) 

OICY  Attn  SZJ  Major  Lawrence  Doan 


Coonander  in  Chief 
Strategic  Air  Comnand 
OFFUTT  AFB,  NB  68113 

OICY  Attn  XPFS  Maj  Brian  G Stephan 
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Sandla  Laboratories 
P.O.  Box  5800 
Albuquerque,  NM  87115 

OICY  Attn  E)oc  Con  For  0 A Dahlgxen 
Org  1722 

OICY  Attn  Doc  Con  For  Frank  P Hudson 
Org  1722 

OICV  Attn  Doc  Con  for  Org  3422-1 
Sandla  BPT  Coll 

OICY  Attn  Doc  Con  for  Clarence  R Mehl 
Org  5230 


0 S Energy  Rsch  & Dev  Admin 
Division  of  Headc[uarters  Services 
Libreury  Branch  G-043 
Washington,  DC  20545 

OICY  Attn  Doc  Con  for  Class  Tech  T.ih 


Argonne  National  Laboratory 
Becords  Control 
9700  South  Cass  Avenue 
Argonne,  IL  60439 

OICY  Attn  Doc  Con  for  Gerald  T Reedy 
OICY  Attn  Doc  Con  for  Len  Leibovitz 
OICY  Attn  Doc  Con  for  David  W Green 
OICY  Attn  Doc  Con  for  S Gabelnick 
OICY  Attn  Doc  Con  for  Lib  Svcs  I^ts  Sec 
OICY  Attn  Doc  Con  for  A C Wahl 


Division  of  Military  Application 
U.  S.  Energy  Rsch  & Dev  Admin 
Washington,  DC  20545 

OICY  Attn  Doc  Con  for  Maj  D A Haycock 


University  of  California 
Lawrence  Livermore  Laboratory 
P.O.  Box  808 
Livermore,  CA  94550 

OICY  Attn  D J Wuebbles  L-142 
OICY  Attn  W H Duewer  Gen  L-404 
OICY  Attn  G R Haugen  L-404 
OICY  Attn  Julius  Chang  L-71 


Los  Aleunos  Scientific  Laboratory 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

OICY  Attn  Doc  Con  for  John  S Malik 
OICY  Attn  Doc  Con  for  Groud  CKR-T 
OICY  Attn  Doc  Con  for  T Bieniewski  CMB-1 
OlCY  Attn  Doc  Con  for  Borman  Hoerlin 
OICY  Attn  Doc  Con  for  J Judd 
OICY  Attn  Doc  Con  for  John  Zinn 


OICY  Attn  D M Rohrer  MS  518 
OICY  Attn  Doc  Con  for  E A Bryant 
(No  DASIAC) 

OICY  Attn  Doc  Con  for  W M Hughes  MS  559 
OICY  Attn  Doc  Con  for  W D Barfield 
OICY  Attn  Doc  Con  for  Marge  Johnson 
OICY  Attn  Doc  Con  for  William  Maier 
OICY  Attn  Doc  Con  for  Martin  Tierney 
J-10 

OICY  Attn  Doc  Con  for  David  W Steinhaus 


Albany  Metallurgy  Research  Center 
U.  S.  Btireau  of  Mines 
P.O.  Box  70 
Albany,  OR  97321 

OICY  Attn  Eleanor  Abshire 


Central  Intelligence  Agency 
Attn:  RD/SI  Rm  5G48  Hq  Bldg 
Washington,  DC  20505 

OICY  Attn  NED/OSl  - 2G48  HQS 

i 

Department  of  Commerce 

National  Bureau  of  Standards  ' i 

Washington,  DC  20234  | 

(All  Corres:  Attn  SFC  Off)  [ 

OICY  Attn  K Kessler  i 

OICY  Attn  George  A Sinnatt  j 

OICY  Attn  J Cooper 

OICY  Attn  Stanley  Abramowitz  | 

OICY  Attn  M Krauss 

OICY  Attn  Lewis  H Gevantman  ^ 


Department  of  Connerce  I 

Office  of  Telecoimixinications 

Institute  for  Telecom  Science  ; 

Boulder,  CO  80302 

OICY  Attn  L A Berry  || 

OICY  Attn  William  F Utlaut 


Department  of  Transportation  li 

Transportation  Rsch  System  Center  i 

Kendall  Square  !| 

Cambridge,  MA  02142  I 

OICY  Attn  E Marmo  ! 


Department  of  Transportation 
Office  of  the  Secretary 
TAD-44.1,  Room  10402-B 
400  7th  Street  S.W. 

Washington,  D.C.  20590 

OICY  Attn  Richard  L Strcodsotne  TST-8 
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OICY  Attn  R Und«rwood 


NASA 

Goddard  Space  Flight  Center 
Greenbelt,  MD  20771 
OICF  Attn  A Tempkln 
OICY  Attn  S J Bauer 
OICY  Attn  Technical  Library 
OICY  Attn  A C Aiken 


NASA 

600  Independence  Avenue  S W 
Na^ington,  DC  20546 
OICY  Attn  R Fellows 
OICY  Attn  D P Caiiffman 
OICY  Attn  LTC  0 R Hallenbeck  Code  SG 
OICY  Attn  A Gessow 


NASA 

Langley  Research  Center 
Langley  Station 
Hampton,  VA  23365 

OICY  Attn  Charles  Schexnayder  MS-168 


NASA 

Ames  Research  Center 
Moffltt  Field,  CA  94035 

OICY  Attn  N-254-3  Neil  H Farlow 
OICY  Attn  N- 254-4  Walter  L Starr 
OICY  Attn  M-254-4  R Whitten  Oncl  Only 
OICY  Attn  N-245-4  Ilia  G Poppoff 

National  Oceanic  & Atmospheric  Admin 
Environmental  Research  Laboratories 
Department  of  Conmerce 

Boulder,  CO  80302 

OICY  Attn  Fred  Fehsenfeld 
OICY  Attn  Eldon  Ferguson 
OICY  Attn  J W Pope 

OICY  Attn  George  C Reid  Aeronomy  Lab 


Aero-Chem  Research  Laboratories,  Inc. 
P.O.  Box  12 
Princeton,  NJ  08540 
OICY  Attn  A Fontljn 
OICY  Attn  H Pergament 
OlCY  Attn  Hartwell  F Calcote 


Aerodyne  Research,  Inc. 
Bedford  Research  Park 
Crosby  Drive 
Bedford,  MA  01730 
OICY  Attn  E Bien 
OICY  Attn  N Camac 


Aeronomy  Corporation 
217  S Neil  Street 
Champaign,  IL  61820 
OICY  Attn  S A Bowhlll 


Aerospace  Corporation 
P.O.  Box  92957 
Los  Angeles,  CA  90009 
OICY  Attn  N Cohen 
OICY  Attn  R J McNeal 
OICY  Attn  Sidney  w Kash 
OICY  Attn  R Grove 
OICY  Attn  T Widhoph 
OICY  Attn  R D Rawcliffe 
OICY  Attn  Julian  Reinheimer 
OICY  Attn  Irving  M Garfunkel 
OICY  Attn  V Josephson 
OICY  Attn  Harris  Mayer 
OICY  Attn  T Taylor 


Avco-Everett  Research  Laboratory,  Inc. 
2385  Revere  Beach  Parkway 
Everett,  MA  02149 

OICY  Attn  George  Sutton 

OICY  Attn  C W Von  Rosenberg  Jr. 

OICY  Attn  Technical  Library 


National  Science  Foundation 
1800  G Street,  N.W. 

Washington,  DC  20556 

(No  classified  to  this  address) 


OICY 

Attn 

E P TOdd 

OICY 

Attn 

R S Zapolsky 

OICY 

Attn 

W D Adams 

OICY 

Attn 

Rolf  Sinclair 

OICY 

Attn 

R Manka 

OICY 

Attn 

Fred  D White 

oicrY 

Attn 

M K Wilson 

Battelle  Memorial  Institute 
505  King  Avenue 
Columbus,  OH  43201 

OICY  Attn  Richard  K Thatcher  • 

OICY  Attn  Stotac 

OICY  Attn  Donald  J Hannan 
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The  Trustees  of 
Boston  College 
Chestnut  Hill  Cantus 
Chestnut  Hill,  MB  02167 
02CY  Attn  Chairman  Dept  of  Chen 


Brown  Engineering  Coii^>any,  Inc. 
Cunu&ings  Research  Park 
Huntsville,  AL  35807 
OlCf  Attn  N Passino 
OICT  Attn  Ronald  Patrick 


California  at  Riverside,  Oniv  of 
Riverside,  CA  92502 
OICT  Attn  James  N Pitts  Jr 
OICT  Attn  Alan  C Lloyd 


California  at  San  Diego,  Univ  of 
Bldg.  500  Matthews  Cantus 
3175  Mirasuuc  Road 
1 A Jolla,  CA  92037 
OICY  Attn  S C LIN 


Calspan  Corporation 
P.O.  Box  235 


Buffalo 

, NY  14221 

OICY 

Attn  Robert  A Fluegge 

OICY 

Attn  N G Dunn 

OICY 

Attn  W Wurster 

OICY 

Attn  C E Treanor 

OICY 

Attn  G C Valley 

Colorado,  University  of 
Office  of  Contracts  and  Grants 
380  Administrative  Annex 
Boulder,  CO  80302 

OICY  Attn  C Lineberger  JILA 
OICY  Attn  A Phelps  JILA 
OICY  Attn  C Beaty  JILA 
OICY  Attn  Charles  A Barth  LASP 


Columbia  University,  The  Trustees 
in  the  City  of  New  York 
lA  Mont  Doherty  Geological 
Observatory  - Torrey  Cliff 
Palisades,  NY  10964 
OICY  Attn  B Phelan 


California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
4800  Oak  Park  Grove 
Pasadena,  CA  91103 
OICY  Attn  Joseph  Ajello 


California  University  of 
Berkeley,  Caucus,  Room  8 
2543  Channing  Hay 
Berkeley,  CA  94720 

(Class  Mail  to:  Attn  Sec  Off) 

OICY  Attn  F Mozer 

OICY  Attn  Harold  Johnston 

OICY  Attn  Dept  of  Chem  W H Miller 


California,  State  of 
Air  Resources  Board 
9528  Telstar  Avenue 
El  Monte,  CA  91731 
OICY  Attn  Leo  Zafonte 


Columbia  University,  The  Trustees  of 

City  of  New  York 

116th  Street  & Broadway 

New  York,  MY  10027 

OICY  Attn  Sec  Officer  H M Foley 
OICY  Attn  Richard  N Zarf 


Concord  Sciences 
P.O.  Box  119 
Concord,  MA  01742 

OICY  Attn  Enraett  A Sutton 


Denver,  University  of 
Colorado  Seminary 
Denver  Research  Institute 
P.O.  Box  10127 
Denver,  CO  80210 

(Only  1 copy  of  class  l^ts) 

OICY  Attn  Sec  Officer  for  Mr  Van  Zyl 
OICY  Attn  Sec  Officer  for  David  Murcray 
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Eco)m  tries 

718  Willow  Glen  Boad 
Sente  Serbere,  CA  93105 

OICY  Attn  Nyle  G Ottei^ck 


Epsilon  Laboratories,  Ine. 
Preston  Court 
Bedford,  MA  01730 

OICY  Attn  John  Calchipes 
OICY  Attn  Henry  Miranda 
OICY  Attn  Carl  Accarde 


FSL,  Zne< 

495  Java  Drive 
Sunnyvale,  CA  94086 

OICY  Attn  James  Marshall 
OICY  Attn  w R Bell 


General  Electric  Con^any 
Space  Division 
Valley  Forge  Space  Center 
Goddard  Blvd  King  of  Prussia 
?.0.  Box  8555 
Philadelphia,  PA  19101 
OICY  Attn  T Baurer 
OICY  Attn  Robert  H Edaall 
OICY  Attn  P Zavitsanos 
OICY  Attn  M H Bortner  Space  Sci  Lab 
OICY  Attn  E Alyfa 
OICY  Attn  J Bums 
OICY  Attn  M Linevsky 


General  Electric  Cos^any 
Tempo-Center  for  Advanced  Studies 
816  State  Street  (P.o.  Drawer  QQ) 
Santa  Barbara,  CA  93102 


OICY 

Attn 

Dasiac  Art  Feryok 

OICY 

Attn 

Tim  Stephens 

OICY 

Attn 

Don  Chandler 

OICY 

Attn 

Warren  S Knapp 

OICY 

Attn 

B Gambill 

1 OICY 

Attn 

Dasiac 

General  Motors  Corporation 
Oelco  Electronics  Division 
Santa  Barbara  Operations 
6767  Hollister  Avenue 
Goleta,  CA  93107 

OICY  Attn  Robin  I Pr.^nich 


General  Research  Corporation 
P.O.  Box  3587 
Santa  Barbara,  CA  93105 
OICY  Attn  H H Lewis 
OICY  Attn  John  Ise  Jr 


General  Research  Corporation  I 

Washington  Operations  I 

Westgate  Research  Park  | 

7655  Old  Springhouse  Road*  Suite  700  I 

McLean,  VA  22101  i I 

OICY  Attn  Thoeas  M Za}crzowski  I 


Geophysical  Institute 
University  of  Alaska 
Fairbanks,  AX  99701 

(All  Class  Attn:  Security  Officer) 
OICY  Attn  Henry  Cole 
OICY  Attn  R Parthasarathy 
OICY  Attn  Neal  Brown  (Dnel  only) 
OICY  Attn  B J Watkins 
OICY  Attn  I N Davis  (unci  only) 
OICY  Attn  J S Wagner  Physics  Dept 
OICY  Attn  D J Henderson 


Govt  Fiscal  Relations  & Patent  Off 
275  Admin  Building  AG- 70 
University  of  Washington 
Seattle,  WA  98195 

OICY  Attn  Kenneth  C Clark 
OICY  Attn  R Geballe 


Harvard  University 

Department  of  Atmospheric  Sciences 

Pierce  Hall 

Cambridge,  MA  02138 

OICY  Attn  Michael  B MoElroy 


Howard  University 
Department  of  Chemistry 
Washington,  DC  20059 

OICY  Attn:  William  Jackson 


HSS,  Inc. 

2 Alfred  Circle 
Bedford,  MA  01730 
OICY  Attn  H Stewart 
OICY  Attn  M P Shuler 
OICY  Attn  Donald  Hanson 
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TIT  Research  Institute 
10  West  35th  Street 
Chicago,  IL  60616 
OICY  Attn  Technical  Library 


Institute  for  Defense  Analyses 
400  Army-Navy  Drive 
Arlington,  VA  22202 
OICY  Attn  Ernest  Bauer 
OICY  Attn  Hans  Wo If hard 
OICY  Attn  Joel  Bengston 
OICY  Attn  Philip  A Selwyn 


Lockheed  Missiles  emd  Space  Coiif>any 
3251  Hanover  Street 
Palo  Alto,  CA  94304 

OICY  Attn  Billy  M McCormac  Dept  52-54 

OICY  Attn  Martin  Malt  Dept  52-10 

OICY  Attn  Richard  G Johnson  Dept  52-12 

OICY  Attn  Tom  J2unes 

OICY  Attn  Robert  C Gunton  Dept  52-14 

OICY  Attn  Robert  D Sears  Dept  52-14 

OICY  Attn  J B Reagan  D/52-12 

OICY  Attn  John  Kumer 

OICY  Attn  John  L Kulander  Dept  52-14 


IRT  Corporation 
P.O.  Box  81087 
San  Diego,  CA  92138 

OICY  Attr,  D A Vroom 

OICY  Attn  J A Rutherford 

OICY  Attn  R H Neynaber 


Jaycor 

1401  Camino  Del  Mar 
Del  Mar,  CA  92014 
OICY  Attn  H B Levine 


Lowell,  University  of 
Center  for  Atmospheric  Research 
450  Aiken  Street 
Lowell,  MA  01854 

OICY  Attn  G T Best 


Maryland,  University  of 
Administration  Building 
College  Park,  MD  21030 

OICY  Attn  Dept  of  Physics  H Griem 
OICY  Attn  J Vanderslice  Chem  Dept 
OICY  Attn  Robert  J Munn  Dept  of  Chem 
OICY  Attn  T J Rosenberg 


Johns  Hopkins  University 

Applied  Physics  Laboratory  Maxwell  Laboratories,  Inc. 

Johns  Hopkins  Road  9244  Balboa  Avenue 

Laurel,  MD  20810  San  Diego,  CA  02123 

OICY  Attn  Document  Librarian  OICY  Attn  Victor  Fargo 


John  Hopkins  University 
34th  & Charles  Streets 
Baltimore,  MD  21218 
OICY  Attn  Joyce  J Kaufman 


Kaman  Sciences  Corporation 
P.O.  Box  7463 

Colorado  Springs , CO  80933 
OICY  Attn  Frank  H Shelton 
OICY  Attn  B J Bittner 
OICY  Attn  P Jesson 


McDonnell  Douglas  Corporation  i 

5301  Bolsa  Avenue  i 

Huntington  Beach,  CA  92647  | 

OICY  Attn  A D Goedeke 

OICY  Attn  William  Olsen  ' 

OICY  Attn  J Moule 

I 

i 

Midwest  Research  Institute  i 

425  Volker  Boulevard 
Kansas  City,  MD  64110 

OICY  Attn  Physics  SFC  Frank  T Greene 
OICY  Attn  Physics  Sec  Thcxnas  H Milne 


Kent  State  University 

Dept  of  Chemistry  Minnesota,  University  of 

Kent,  OH  44242  2030  University  Avenue,  S.F. 

OICY  Attn  M C Femelius  Minneapolis,  MN  55414 

(No  classified  to  this  address) 
OICY  Attn  J R Winkler 
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Minnesota,  University  of 
Morris  Can5>us 
Morris,  MN  56267 
OICY  Attn  Merle  Hirsch 


Photometries , Inc . 

442  Marrett  Road 
Lexington,  MA  02173 

OICY  Attn  Irving  L Kofsky 


Mission  Research  Corporation 
735  State  Street 


inta  Barbara,  CA  93101 

CICY 

Attn 

Dave  Sowle 

CICY 

Attn 

Ralph  Kilb 

OICY 

Attn 

W F Crevier 

OICY 

Attn 

Conrad  L Longmire 

OICY 

Attn 

Neal  J Carron 

OICY 

Attn 

R Hendrick 

OICY 

Attr 

R N Wilson 

OICY 

Attn 

R Bogusch 

OICY 

Attn 

M Scheibe 

OICY 

Attn 

D Archer 

OICY 

Attn 

D Sappenfield 

OICY 

Attn 

P Fischer 

Mitre  Cori.)oration , The 
P.O.  Box  208 
Bedford,  MA  01730 

OICY  Attn  S A Morin  M/S 
OICY  Attn  J N Freedman 


National  Academy  of  Sciences 
Attn:  National  Materials  Advisory 
2101  Constitution  Avenue 
Washington,  DC  20418 

02CY  Attn  Edward  R Dyer 
OICY  Attn  J R Stevers 
OICY  Attn  William  C Bartley 


New  York  at  Buffalo,  State  Univ  of 
Buffalo,  NY  14214 

OICY  Attn  Gilbert  O Brink 


Pacific-Sierra  Research  Corp. 
1456  Cloverfield  Blvd. 

Santa  Monica,  CA  90404 
OICY  Attn  F C Field  Jr 


Pennsylvania  State  University 
Industrial  Security  Office 
Room  5,  Old  Main  Building 
University  Park,  PA  16802 
OICY  Attn  L Hale 
OICY  Attn  J S Nisret 


Physical  Dynamics  Inc. 

P.O.  Box  1069 
Berkeley,  CA  94701 

OICY  Attn  A Thompson 
OICY  Attn  Joseph  B Workman 


Physical  Sciences,  Inc. 
30  Commerce  Way 
Woburn,  MA  01801 

OICY  Attn  Kxirt  Wray 
OICY  Attn  R L Taylor 


Physics  International  Conpany 
2700  Merced  Street 
San  Leandro,  CA  94577 

OICY  Attn  Doc  Con  for  Tech  Lib 


Pittsburgh,  University  of 
the  Commonwealth  System  of  Higher  Educ 
Cathedral  of  Leeiming 
Pittsburgh,  PA  15213 
OICY  Attn  Wade  L Fite 
OICY  Attn  Manfred  A Biondi 
OICY  Attn  Frederick  Kaufman 
OICY  Attn  Edward  Gerjudy 


Princeton  Univ. , The  Trustees  of 
Forrestal  Campus  Library 
Box  710 

Princeton  University 
Princeton,  NJ  08540 

OICY  Attn  Arnold  J Kelly 

(Use  P.O.  Box  36  for  Unclass  only) 


R & D Associates 

P.O.  Box  9695 

Marina  Del  Rey,  CA  90291 


OICY 

Attn 

R P Turco 

OICY 

Attn 

Richard  Latter 

OICY 

Attn 

Robert  F Lelevier 

OICY 

Attn 

D Dee 

OICY 

Attn 

R G Lindgren 

OICY 

Attn 

Charles  H Humphrey 

OICY 

Attn 

Bryzm  Gabbard 

OICY 

Attn 

H A Dry 

OICY 

Attn 

Forrest  Gilmore 

OICY 

Attn 

Albert  I Latter 
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R & D Associates 
1615  N.  Ft.  Myer  Drive 
11th  Floor 
Arlington,  VA  22209 

OICY  Attn  Herbert  J Mitchell 
OICY  Attn  J W Rosengren 


Rand  Corporation,  The 
1700  Main  Street 
Santa  Monica,  CA  90406 
OICY  Attn  Culien  Crain 


Rice  University 
Department  of  Space  Science 
Houston,  TX  77058 

OICY  Attn  Ronald  E Stebrings 


Rice  University,  William  Marsh 
P.O.  Box  2692 
Houston,  TX  77001 

(All  Corres  Attn:  Industiral  Sec  Sup) 
OICY  Attn  J Chamberlain 


Riverside  Research  Institute 
80  West  End  Avenue 
New  York,  NY  10023 

OICY  Attn  J B Minkoff 
OICY  Attn  G Glaser 
OICY  Attn  Donald  H Koppel 


Science  Applications,  Inc. 
P.O.  Box  2351 
La  Julia,  CA  92038 

OICY  Attn  Daniel  A Hcunlin 
OICY  Attn  Robert  W Lowen 
OICY  Attn  Ben  Myers 


Science  Applications,  Inc. 
Huntsville  Division 
2109  W.  Clinton  Avenue 
Suite  700 

Huntsville,  AL  35805 
OICY  Attn  Noel  R Bym 


Sechrist,  Professor  Chalmers  F. 
155  Electrical  Enginnering  Bldg. 
University  of  Illionois 
Urbana,  IL  61801 

Oicnr  Attn  C Sechrist 


Southern  California,  Uiv  of 
University  Park 
Los  Angeles,  CA  90007 
OICY  Attn  S W Benson 


Stanford  Research  Institute 
333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

OICY  Attn  Felix  T Smith  (Unci  Only) 

OICY  Attn  D J Hildenbrand 

OICY  Attn  L E Cobb 

OICY  Attn  G Black 

OICY  Attn  J T Moseley 

OICY  Attn  Burt  R Gasten 

OICY  Attn  J Lomax 

OICY  Attn  R D Hake  Jr 

02CY  Attn  Walter  G Chestnut 

OICY  Attn  James  R Peterson 

OICY  Attn  Arthur  Lee  Whitson 

OICY  Attn  Ray  L Leadabrand 

OICY  Attn  Allen  M Peterson 

OICY  Attn  T G Slanqer 

OICY  Attn  Ronald  White 


Stanford  Research  Institute 
1611  North  Kent  Street 
Arlington,  VA  22209 

OICY  Attn  Warren  W Berning 


Stanford  Research  Institute 
306  Wynn  Drive,  N.  W. 
Huntsville,  AL  35805 

OICY  Attn  MacPherson  Morgan 


Systems,  Science  and  Software,  Inc. 
P.O.  Box  1620 
La  Jolla,  CA  92038 

OICY  Attn  Ralph  C SKlarew 


Technology  International  Corporation 
75  Wiggins  Avenue 
Bedford,  MA  01730 

OICY  Attn  W P Boquist 


TRW  Systems  Group 
One  Space  Park 
Redondo  Beach,  CA  90278 

OICY  Attn  R Watson  Rl/1096 
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